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270Hs274Hs*

Superheavy Element Synthesis
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Manipulation of single atoms
 STM image of a Xe atom adsorbed on a Ni surface (110)
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http://www.almaden.ibm.com/vis/stm/gallery.html
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Chemistry of “one (exotic) atom at the time”?
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Current status of superheavy 
element chemistry:

 
Read the book!
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2S1/2

2S1/22S1/22S1/2

Relativistic effects: the color of gold!
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Aqueous chemistry 
of Dubnium (Z=105)

Investigated with the 
Automated Rapid Chemistry Apparatus

 ARCA

J.V. Kratz & M. Schädel et al.,

14
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H.P. Zimmermann et al., RCA 60, 11 (1993)

Precentage extractet activity of 
Nb, Ta, and Pa tracers (curves) 
as a function of HCl 
concentration in the System 
TiOA-HCl/0.03 M HF. The bold 
bars encompass the upper and 
lower limits deduced for the Db 
extraction from the elution 
positions in the chromatography 
experiments. The complete 
extraction of Db into TiOA from 
12 M HCl / 0.02 M HF ist not 
indicated for clarity. 

Non Ta-like behavior of Dubnium

50 Jahre Nuklidkarte,  Karlsruhe, Germany, 9.12.2008 15
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Hassium
 

(Z=108)

Named afterNamed after
the German Bundesland 

Hessen
Discovered atDiscovered at

Gesellschaft fGesellschaft füür r 
Schwerionenforschung Schwerionenforschung 

(GSI) 1984(GSI) 1984
First chemical investigation:

C.E. Düllmann et al., 
Nature 418, 859 (2002)

50 Jahre Nuklidkarte,  Karlsruhe, Germany, 9.12.2008 16
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Understanding Superheavy Element Synthesis
Shell correction energies for nuclides with Z≥82 and N≥126

A. Sobiczewski, Phys. Rev. C63, 034036 (2001)

48Ca + actinides → SHE + 4n

26Mg + 248Cm → 270Hs + 4n
30Si   + 244Pu  → 270Hs + 4n
36S    + 238U    → 270Hs + 4n
48Ca  + 226Ra  → 270Hs + 4n

17
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Recoil
 chamber

269,270Hs

26Mg-beam

248Cm 
target

He/O2He/O2

2x 36
PIN-diodes

PFA-teflon
capillary

thermostat 
(-20°C) 

N2

 

(liq.) 
cooling

oven 
(600°C)

SiO2

 

-column
(i.D. 4 mm)

-170 °C

-20 °C

0 40 cm

HsO4

 
deposition

rotating
Vacuum window

Chemistry: a highly efficient Hassium separator

Overall Efficiency for 269Hs: 55%

50 Jahre Nuklidkarte,  Karlsruhe, Germany, 9.12.2008 18
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Detection system COMPACT

Vacuum tight channel2x32 PIPS

1x1 cm2Cryo

On-line

Multidetector for

Physics

And

Chemistry of

Transactinides

Version 1: 78% detection eff.

Version 2: 93% detection eff.

50 Jahre Nuklidkarte,  Karlsruhe, Germany, 9.12.2008 19
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266Sg
∼350 ms

SF

270Hs 
~23* s

8.88

265Sg
7 s    15 s

8.94;           
8.84;           
8.76    8.69

269Hs 
9.7* s

8.95; 9.12
9.23

261Rf
78 s   2.7 s

8.51
8.28   SF

Observed Nuclides

* Tα

 

is calculated from measured Qα

 

using 
phenomenological formula  from 
A. Parkhomenko, A. Sobiczewski, 

Acta Physica Polonica 36, No. 10 (2005)

267Sg
∼1.5 m

8.20; SF 

271Hs
~ 4* s

9.13; 9.30

263Rf
∼8 s

SF

270Hs: Jan Dvorak et al., Physical Review Letters 97, 242501 (2006)
271Hs: Jan Dvorak et al., Physical Review Letters 100, 132503 (2008)

5 new nuclides!5 new nuclides!

Number of decay chains: 13 7 6

50 Jahre Nuklidkarte,  Karlsruhe, Germany, 9.12.2008 20
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Thermochromatography of HsO4

Monte Carlo simulations:

OsO4

 

ΔHads

 

= -42±5 kJ/mol

HsO4

 

ΔHads

 

= -51±5 kJ/mol

50 Jahre Nuklidkarte,  Karlsruhe, Germany, 9.12.2008 21
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Element 112 production

242Pu (48Ca, 3n) 287114

238U (48Ca, 3n) 283112
283112

3.8 s

9.54 MeV

287114
0.48 s

10.02 MeV

279Ds
0.20 s

SF(>90%)
205 MeV

291116
18 ms

10.74 MeV

Yu.Ts. Oganessian,

 
J. Phys. G: Nucl. Part. Phys. 34 (2007) R165–R242

245Cm (48Ca, 2n) 291116

50 Jahre Nuklidkarte,  Karlsruhe, Germany, 9.12.2008 22
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23

Hg

xx

Chemisorption       ↔
 
Physisorption 

GoldGold

Chemical bond Van der Waals interaction

HsO4

Experimental approach

112

?
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24

Target 
(238U, 242Pu; 
≅

 
1 mg/cm2)

Beam (48Ca; 233-239 MeV)

Beam 
stop

SiO2 -Filter
Ta metal
850°C

Quartz 
column

Cryo OnCryo On--line Detector (4line Detector (4ππ
 

COLD)COLD)

Carrier gas 
He/Ar (70/30)

Capillary with 2 s 
transport time

(32 pairs PIN diodes, one side gold covered)

HgHg Loop
Temperature gradient: 35°C to – 184 °C

T

l

RnRn

The element 112 experiment
(IVO Technique)

112112
Recoil 
chamber

Quartz 
inlay

Problem: below ≈
 

-95°C 
thin ice layer!
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Observed in Chemistry:

Observed decay chains: Dubna 2006/2007

Eichler, R. et al. Nature (2007)

242Pu (48Ca, 3n) 287114

5 weeks: 6*1018 48Ca

26

R. Eichler et al. TAN07 and

 

Angew. Chem. Int. Ed. 2008, 47, 3262 –3266

283112

9.52 MeV

279Ds
τ: 0.072 s

SF
112+n.d. MeV
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18 ms

10.74 MeV
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From experimental results 
deduced volatility of element 112
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(E112) ad-atom on the embedded gold cluster

C. Sarpe-Tudoran et al., Eur. Phys. J D 24 (2003) 65
V. Pershina et al., Nucl. Phys. A734 (2004) 200

≈
 

35 Au-cluster atom explicitly treated   and  ≈
 

100 Au atoms averaged

29
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V.G. Pershina et al., contribution to TASCA´08 workshop

30
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Future of transactinide chemistry: TASCA

3150 Jahre Nuklidkarte,  Karlsruhe, Germany, 9.12.2008
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TASCA -
 

Trans Actinide Separator and 
Chemistry Apparatus

TASCA home page: http://www-w2k.gsi.de/tasca/
32
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TASCA collaboration
magnets, power supplies, vacuum chambers and pumps, 
construction of cave and shielding, beam line, crane, electronics, €’s

magnetic field maps, ion optics, Monte-Carlo simulations, control 
system, differential pumping system, vacuum windows, focal plane

 detector & electronics, €’s

targets, recoil chamber HTM, €’s

Monte Carlo simulations, ion optics, TOF

Monte Carlo simulations, ion optics, electronics

differential pumping system, ion optics, focal plane detector

recoil chamber SIM, €’s

3350 Jahre Nuklidkarte,  Karlsruhe, Germany, 9.12.2008
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Beam shapes in TASCA vacuum chambers

DQh

 

Qv

 

-config.
High Transmission Mode (HTM)

DQv

 

Qh

 

- config. 
Small Image Mode (SIM)

Based on TRANSPORT
 

ion-optical 
calculations

3450 Jahre Nuklidkarte,  Karlsruhe, Germany, 9.12.2008
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Coupling scheme of

TASCA – RTC – ALOHA –
 ELECTRODEPOSITION with 

two electrode tapes and two 
detector arrays

PIN diode detectors (8)                 Magnetic stirrer

50 Jahre Nuklidkarte,  Karlsruhe, Germany, 9.12.2008

An example
 

of a future
 electrodepostion

 experiment
 

with
 Hassium 

35
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The
 

End!

(of the
 

talk)

Thank
 

you
 

for
 

listening
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